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Abstract 
 
To evaluate potential air infiltration model improvement for AccuRate, a benchmark housing energy star rating tool widely used 
in Australia, three different infiltration models have been developed. This paper presents a comparison of the calculated air 
infiltration rates and building energy performance using the three models. Case studies for eight houses in Melbourne, Australia, 
show there are up to 37% and 13% differences in the calculated average infiltration rates and modelled heating and cooling energy 
demand respectively between these three models. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
For the past 50 years a wide range of building energy simulation tools have been developed, in which air infiltration 
is estimated with various methodologies. Crawley et al. [1] conducted a broad survey of the capabilities of 20 building 
energy simulation programs, including the 12 most widely used by building design engineers and researchers. Of these 
12, all of them are able to account for air infiltration and most employ either simple approaches to consider impacts 
of wind on infiltration or does not consider wind impacts at all. The widely used tools, such as EnergyPlus, TRNSYS 
and DesignBuilder, are able to simulate airflow, however, their capabilities are often limited and/or are difficult for 
users to employ [2]. 
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In Australia, Commonwealth Scientific and Industrial Research Organization (CSIRO) developed a housing energy 
star rating tool – AccuRate, which was developed by coupling a frequency response building thermal model and a 
multizone ventilation model [3] with a simple infiltration model [4]. To improve the accuracy and convergence 
stability of the ventilation model, a large opening multizone model has been developed [5] to replace the existing 
ventilation model [3]. However, the air infiltration model still employs the original simplified approach, in which the 
infiltration rate, in air changes per hour (ach) for each zone, is specified as �൅�ൈ�, where the two constants A and 
B are used to account for the stack and wind infiltration factors respectively, and U is the local wind speed. The major 
issue of this model is that the impact of stack effect on air infiltration rate is considered to be constant (i.e., it does not 
vary with the temperature difference between indoor and outdoor). To improve this infiltration model, two infiltration 
models have been developed: one is developed by combining blower-door test results with the above simplified 
formula �൅�ൈ�[6], and another is a multizone infiltration model [7]. This study presents a comparison of the 
three models for estimation of Australian housing infiltration rates and their impacts on space heating and cooling 
energy demand calculations. Recommendations are made for improving the infiltration model in AccuRate. Although 
the calculations are mainly for air infiltration model improvement in AccuRate, the general findings may be applicable 
to other similar building simulation tools. 
 
 
2. Methodology for estimating infiltration rates for building energy simulation 
 
Air infiltration is a nonlinear phenomenon which is dependent on the air leakage of the building envelop and the 
weather driving forces (wind and indoor-outdoor temperature difference). An exact calculation of infiltration for a 
real building is very difficult (if not impossible) as it requires a great many details of the building, its environment and 
the driving forces [8]. Approximate techniques from simple to complex have been developed. The three infiltration 
models developed for AccuRate are described below in their development chronological order. 
 
2.1. A simple approach for air infiltration calculation in AccuRate 
 
In this model the air infiltration rate of each zone is defined by the equation below [4]: 
ൌ൅ൈ (1) 
Where Q is the infiltration rate for each zone (ach), A is the stack infiltration factor and B the wind infiltration factor 
for the zone (both can be summarized from individual components), and U is the local wind speed (m/s). Normally 
the local wind speed can be derived from the hourly wind speeds (w) in the AccuRate weather files multiplied by the 
terrain factor f [4]. The estimated hourly air infiltration rate for each zone can be obtained and for the whole house 
the infiltration rate is: 
 
ܳ�ൌσ݅ൌ݊ሺ�݅൅�݅ݓ�ሻൈ� (2) 
݅ൌͳ ݅
where n is the total zone number of the house and Vi is the volume of zone i (m3). 
 
2.2. A combined air infiltration model using blower-door test results 
 
As shown in Equation 1, the variation of the stack effect resulting from the inside-outside temperature difference 
is not considered in the simple model. The single-zone model described in ASHRAE Handbook 2009 [9] considers 
both wind and stack effect with a superposition method: 
 
 ʹ ൅ܳʹ
ܳ�ܽ�ൌξܳݓ݅݊� ��ܽ��
(3) 
Here 
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where Qcal, Qstack  and Qwind  are the whole-house infiltration rate (m3/s), the infiltration in the stack regime (m3/s) and 
the infiltration in the wind regime (m3/s) respectively, AEL is the effective leakage area of the building (m2) which can 
be obtained from the whole-building blower-door test (see the discussion below), R the sum of the floor and ceiling 
effective leakage area divided by the total effective leakage area (the sum of leakage areas of the floor, walls and 
ceiling), g the acceleration gravity (9.8 m/s2), H the ceiling height above ground (m), T the inside temperature (K), ΔT 
the inside-outside temperature difference (K), f the terrain factor and fshielding the shielding factor of wind for the 
building site. 
Considering the effective air leakage area definition [9], we have 
 
 
 ߩ
ܧܮ Ͷ�ܽξʹο݌ Ͷ�ܽ ͳǤʹ ൌξͲǤͳͷܳͶ�ܽ  (6) 
ʹൈͶ
where Q4Pa is the air infiltration rate at the reference pressure difference of 4 Pa (m3/s) and ρ the density of air 
(kg/m3). 
In general, the infiltration rate is measured at a series of pressure difference ranging from about 10 Pa to 75 Pa. 
Normally the blower-door test results are represented at the reference pressure of 50 Pa. With the infiltration rate at 
50 Pa (Q50 Pa) being available and the power law being applied, the infiltration rate at the pressure 4 Pa can be obtained: 
 
Ͷ݊
Ͷ�ܽ ͷͲ�ܽͷͲ ൌͲǤͲͺ݊ܳͷͲ�ܽ

(7) 
Where n is the pressure exponent which can be obtained from the blower-door test. 
With Equations 3-7, the whole-building hourly infiltration rates (Qcal) can be calculated using the blower-door test 
results. It is noted that Qcal is the estimated total infiltration for the whole building based on blower-door test results 
and the infiltration distribution to each zone is not available solely based on blower-door test results. One way to 
incorporate Qcal to adjust the estimated hourly infiltration rate (Qt) using the simple model (Equation 2) is to make 
adjustments to the default infiltration parameters (A and B) for each zone using Qcal and Qt: 
 
�Ԣൌ� �ܿܽ ݈
�ݐ
and �Ԣൌ� �ܿܽ ݈
�ݐ
(8) 
This adjustment is based on the assumption that the default infiltration parameters (A and B) give a reasonable 
estimation of the infiltration distribution among different zones. 
With the adjusted parameters, an updated Qt can be obtained using Equation 2 which should give a closer agreement 
to Qcal. Although the above adjustment process may be repeated until Qt approaches Qcalc, it was found that one 
AccuRate Engine execution after the adjustment already results in good agreement between Qt and Qcalc and the annual 
total of Qt and Qcalc are generally found to be within 2% from each other. In this study a total of two AccuRate Engine 
executions are implemented. 
 
2.3. Multizone air infiltration model 
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In multizone air flow model [7], Air infiltration rate through a crack was represented by a power law equation: 
ܳൌ ݇ሺο݌ሻ݊ (9) 
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where Δp is the pressure difference across the crack, k and n are the air leakage coefficient (m3/s at 1 Pa) and the 
pressure exponent of the crack respectively, which were detailed in [7] for major components. 
Mass balance equations were applied to each zone of the building to solve for interior static pressures in the building 
and then the air flow rates through the flow links. For the infiltration simulation, it requires data on information 
describing building envelop leakage, values to account for wind pressure on the building envelop (wind pressure 
coefficient data based on [10 ]), any mechanical ventilation rates, outside air temperature and wind speed and direction 
that are given in the weather file provided to the AccuRate program, and air temperatures for each zone which are 
obtained from executing the thermal model and air flow model of the program by iterative method [7]. 
 
3. Case study 
 
The AccuRate engine has been modified to accommodate the three infiltration models, which produces three 
versions of the tool (except the infiltration models, the thermal model and the large opening model [5] are applied in 
the three versions). The models are applied for eight houses in Melbourne, which are chosen from a recently completed 
house energy performance monitoring project [11], based on the availability of on-site survey details on the building 
constructions, HVAC systems, downlights, and so on. 
The simple approach of �൅�ൈ�cannot be used to interpret the results of the blower-door test conducted for the 
eight houses as it does not describe the relationship between the airflow rate through a building envelop and the indoor- 
outdoor pressure difference. The multizone air flow model is used to simulate the blower-door test processes, in which 
a house is represented by one zone linking outside through all exterior air flow pathways under the test conditions, 
including closed exterior windows and doors, ducting systems, chimney, exhaust fans, cracks/holes of downlights, 
wall/ceiling joints, wall/floor joints, and so on. To predict the air flow through a crack, the model applied the 
commonly used power law equation (Equation 9), which requires the air leakage parameters (k and n) of the cracks. 
All the case studied made in this paper used the mean values of k and n from Liddatment [12] and ELA (effective 
leakage area) from ASHRAE [13] for some components when the k and n value are not available from [12]. 
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Fig.1. Comparison of infiltration rates at 50 Pa between the multizone model and the blower-door test 
 
Figure 1 shows a comparison of the infiltration rates at 50 Pa of the eight houses between the predicted and the 
blower-door test. It shows the model gives reasonable estimations of the infiltrations. On average, the model 
underpredicts the infiltration rate around 12.0% with a standard deviation of 1.5%. This suggests some cracks/holes, 
such as those in walls and joints between wall/ceiling, wall/wall and wall/floor, may have been underestimated in the 
model. Specific tools such as smoke guns and virtual inspection are required to pinpoint the building air leaks during 
on-site building survey. 
To simulate annual hourly infiltration rate and space heating and cooling (H/C) energy requirement of a building, 
three versions of the tool (i.e., AccuRate engine with the three different infiltration models) were run separately using 
local TMY (Typical Meteorological Year) weather data. The building is assumed to switch automatically between 
mechanical air conditioning/ventilation and natural cooling/ventilation when natural ventilation satisfies indoor 
thermal comfort. 
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A+B.U Model 
Modified A+B·U Model with Blower-door test 
Multizone Model 
The results for averaged yearly whole house infiltration rates are shown in Figure 2. On average, the modified 
approach overestimates the infiltration rates by 29.4% and 36.8% compared to the simple approach and the multizone 
models, respectively. The simple approach overestimates the air infiltration rate of house 1, compared to the other two 
models. The results from the multizone model show that the infiltration rate of a building is not only dependent on the 
envelop leakage, but also on the leakage distributions under the same climate condition. For instance, the predicted 
infiltration rates of House 5 and 8 are smaller than that of House 1 using Melbourne weather data although both House 
5 and 8 are leakier than House 1 (see Fig.1). The approach of �൅�ൈ�cannot reflect the local leakage distribution 
since for each zone the infiltration rate is determined by the leakage factors (A and B) and wind speed (U). Under 
controlled natural ventilation (windows and/or doors are opened) the infiltration should be small or even zero since 
the pressure difference between inside and outside could be very small. For the proposed three models, only the power- 
law multizone model reflects local leakage distributions, which can be seen from hourly infiltration data. The approach 
of �൅�ൈ�overestimates the infiltration during these time periods. 
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Fig.2. Comparisons of the predicted infiltration rates by the three models 
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Fig. 3. Comparisons of the predicted annaual space heating and cooling loads by the three models 
 
Figure 3 presents the annual space heating and cooling loads predicted by the three models, including scenarios 
that infiltration impacts are ignored (i.e., infiltration rate is assumed to be zero). As expected, in Melbourne (a heating 
dominated region), compared to the other two models, the modified simple approach model will overestimate 
infiltration impacts on space heating and cooling energy requirement. On average, for the eight houses the infiltration 
increases the space heating and cooling load by 50.4% by the modified simple approach, 38.4% by the simple 
approach, and 30.5% by the multizone model. When infiltration is considered, the energy requirement difference is 
13.1% between the modified simple approach and the multizone model, 9.5% between the modified simple approach 
and the simple approach, and 8.7% between the simple approach and the multizone model. 
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4. Conclusions 
Realizing that weather is the dominant driving force for infiltration, the simple approach of �൅�ൈ�attempted, 
in a statistical sense, to fit the infiltration to the weather variables (wind speed U). With the blower-door test results 
the modified simple approach may improve the accuracy of the envelop leakage. Characteristics of each leak (e.g., 
crack geometries and distribution) and the interactions between infiltration and natural ventilation are not consitered 
in both models, which sacrifice accuracy for simplicity and versatility. The multizone model considers both 
characteristics of each leak and a weather-dependent term (wind and temperature difference). With the existing 
available data on the crack leakage (k and n), the proposed multizone model has demonstrated that it can provide 
proper prediction of infiltration and its impact on space heating and cooling energy requirement with reasonable 
execution time for annual hourly energy performance simulation (on average, for the eight houses on a 2.7GHz 
Pentium PC, it requires seven and half minutes in comaprison with around five minutes using the simple approach 
and ten minutes using the modifed simple approach). With the current computer processing speed, multizone 
infiltration models can be used in building energy performance simulation programs. 
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